risk of shortened survival, with median survival times of approximately 11, 8, 4 , and 2 years, respectively. [18] Subsequently, more refined prognostic scoring systems have been developed to allow prognostication at any time after diagnosis and accommodate additional risk factors [ Table 1 ]. [12, 18, 19] Consequently, the risk categories of different scoring systems do not always align. For example, patients classified as having low-or intermediate-1 risk disease by IPSS and DIPSS (dynamic IPSS) may be classified in higher-risk categories by DIPSS plus if they have additional DIPSS plus risk factors such as thrombocytopenia or complex cytogenetics [ Table 1 ].
Most recently, recognition that prognosis can be strongly affected by a patient's mutation profile has led to the development of other scoring systems, such as the mutation-enhanced IPSS (MIPSS), which combines clinical and genetic risk factors [ Table 1 ], [20] and the genetics-based scoring system (GPSS), which relies exclusively on age and genetic risk factors. [21] However, MIPSS and GPSS require further validation before they can be widely adopted.
Treatment
Prognosis is an important consideration when weighing allogeneic hematopoietic cell transplantation (HCT) as a treatment option, as HCT is the only potentially curative treatment option to date. [22, 23] Although HCT generally is not recommended for patients with advanced age, poor performance status, and/or prohibitive comorbidities, it may be the best option for those with a short life expectancy due to a high risk of leukemic transformation, anemia requiring transfusions, or an adverse mutation profile. [23] However, risk stratification has limited value in guiding treatment decisions primarily aimed at improving MF-related signs and symptoms and quality of life (QOL), as risk categories do not reflect the totality of disease burden. Although patients with higher risk scores tend to have more advanced MF, even patients with low-or intermediate-1 risk MF per IPSS may have symptoms or spleen size enlargements that require treatment. [24, 25] The MPN symptom assessment form (MPN-SAF), which has been validated in patients with MPNs including MF, [26] is a convenient and comprehensive instrument for the quantitative assessment of disease-related symptom burden. Symptom cluster analysis using the MPN-SAF in 1470 patients with MPNs showed that many patients with intermediate-1 risk MF by DIPSS have a mild to moderate symptom burden characterized by fatigue, night sweats, insomnia, and/or concentration problems. [27] The JAK1 and JAK2 inhibitor ruxolitinib is currently the only therapy with an approved indication in MF. The efficacy and safety of ruxolitinib were evaluated in two pivotal phase 3 studies, COMFORT-I and COMFORT-II, of patients with intermediate-2 or high-risk MF per IPSS. [28, 29] The results demonstrated that ruxolitinib provided rapid reductions in splenomegaly and symptom burden compared with placebo or best available therapy (BAT), with concomitant improvements in QOL. [28] [29] [30] [31] For example, in the placebo-controlled COMFORT-I study, 41.9% of patients in the ruxolitinib arm compared with 0.7% in the placebo arm had a ! 35% reduction in spleen volume at 24 weeks (p < 0.001), and 45.9% in the ruxolitinib arm compared with 5.3% in the placebo arm had a ! 50% decrease in Total Symptom Score (TSS) at 24 weeks (p < 0.001). [28] In both studies, ruxolitinib was not only safe and generally well tolerated but also associated with dose-limiting myelosuppression, most commonly thrombocytopenia and anemia, particularly in the first 3 months of therapy. [28, 29, 32] Although the results of the COMFORT studies showed that treatment-related cytopenias can be managed effectively with dose reductions or treatment interruptions, [28, 29, 32] these Table 1 . Risk stratification of patients with MF according to the International Prognostic Scoring System (IPSS), [18] dynamic IPSS (DIPSS), [19] DIPSS plus, [12] and mutation-enhanced IPSS (MIPSS). [20] adjustments may eventually lead to loss of response with consequent treatment discontinuation in some patients. However, follow-up data from patients in the COMFORT trials showed that clinical benefits were generally maintained in patients remaining on therapy. [33] [34] [35] [36] In addition, there is compelling evidence that ruxolitinib is associated with a survival advantage compared with placebo or conventional therapy. [33, 35, 37, 38] Efficacy of ruxolitinib in patients with intermediate-1 risk MF
The COMFORT studies are the only randomized controlled studies that assessed the efficacy of ruxolitinib in patients with MF, and these studies did not include patients with intermediate-1 risk MF. [28, 29] Consequently, there are no randomized controlled trial data for this MF patient population. Based on the results of the COMFORT studies, the European Medical Association approved ruxolitinib 'for the treatment of disease-related splenomegaly or symptoms in adult patients with PMF, post-PV MF or post-ET MF'. [39] In contrast, the risk-based indication approved in the US [40] includes all patients with intermediate-or high-risk MF, in recognition of the fact that even those with intermediate-1 risk MF may have symptoms that require treatment. [41] In fact, in real-world settings, a substantial proportion of patients with intermediate-1 risk MF are treated with ruxolitinib. [42] [43] [44] [45] Here we review recent data regarding the efficacy of ruxolitinib in patients with intermediate-1 risk MF from a number of nonrandomized, uncontrolled studies.
JUMP
JUMP is an international, open-label, expanded-access study of ruxolitinib in patients with intermediate-2 or high-risk MF (per IPSS) with or without splenomegaly, or with intermediate-1 risk MF and a palpable spleen length ! 5 cm (from the left costal margin). [45] With an enrollment of 2233 patients from 26 countries before January 2015, this ongoing study is the largest observational study of ruxolitinib in patients with MF. Recent data from 1869 patients who started treatment ! 1 year before the data cutoff date (January 1, 2015; median exposure, 13.6 months) showed that 62.0% of evaluable patients achieved a ! 50% reduction from baseline in palpable spleen length at week 48, and an additional 19.0% had a 25-50% reduction in palpable spleen length. [45] In a subgroup analysis of 163 patients in the JUMP study with intermediate-1 risk MF (median treatment exposure, 14.4 months), 64% and 61% of evaluable patients had a ! 50% decrease in palpable spleen length at weeks 24 and 48, respectively. [46] By week 72, best responses included a ! 50% decrease in palpable spleen length in 77.6% of patients, including complete resolution of splenomegaly in 21% of patients [ Figure 1 ]. In addition, 30% of evaluable patients had clinically meaningful symptom improvement at week 48, as determined by Functional Assessment of Cancer Therapy-Lymphoma (FACT-Lym) total scores. [46] Although the FACT-Lym scale was originally developed for response evaluation in patients with non-Hodgkin lymphoma, it has been used successfully to measure treatment benefit of ruxolitinib compared with BAT in patients with MF in the COMFORT-II study. [31] In addition to a generic 27-item QOL questionnaire, it contains a cancer-specific 15-item questionnaire that addresses common symptoms of MF, including pain, swelling, fever, night sweats, itching, insomnia, fatigue, weight loss, and loss of appetite. [31] Safety data in the subgroup of patients with intermediate-1 risk MF in the JUMP study [46] were consistent with findings for the total study population [45] Best spleen response (% reduction) from baseline Safety data in ROBUST were not stratified by risk group. [47] However, the overall safety findings were consistent with those reported in the COMFORT studies. [28, 29, 32] The most common adverse events were anemia (45.8%) and thrombocytopenia (37.5%), resulting in one and three discontinuations, respectively. Mean platelet levels decreased by approximately 40% from baseline to week 4 and then stabilized. Mean hemoglobin decreased by 10% from baseline to week 12 and then recovered to 5% below baseline by week 48. [47] Infections were more common in ROBUST than in the COMFORT trials, including mostly urinary tract infections (16.7%) and lower (14.6%) or upper (10.4%) respiratory tract infections. Of note, one patient developed progressive multifocal encephalopathy, [48] and two patients developed staphylococcal sepsis. However, no cases of herpes zoster, hepatitis B, or tuberculosis occurred during the trial. [47] US chart review A retrospective observational review of medical records collected by 49 hematologists and oncologists in the US evaluated the effects of ruxolitinib in 108 patients with low-(n ¼ 25) or intermediate-1 risk (n ¼ 83) MF per IPSS. [49] To be included in the study, patients had to have received ruxolitinib therapy for at least 3 months before the medical record abstraction date. Median exposure to ruxolitinib was 8 months, and 77% of patients with intermediate-1 risk MF were still on therapy at last follow-up. Among patients with intermediate-1 risk MF, most (80%) were aged 65 years, and most had splenomegaly at diagnosis. During treatment with ruxolitinib, the proportion of patients with intermediate-1 risk MF and a palpable spleen length ! 10 cm decreased from 51% at treatment initiation to 10% at best response. Similarly, most patients with intermediate-1 risk disease experienced a reduction in symptom severity during ruxolitinib treatment. For example, the proportion of patients with moderate or severe fatigue among patients who provided symptom data decreased from 76% at diagnosis to 42% at best response. However, a substantial reduction in the overall percentage of patients experiencing a specific symptom was only observed for spleen-related abdominal pain. These findings have to be interpreted with caution as symptom information was based on available medical records, with the possibility that some patients had missing data.
Another limitation of the study is that actual changes in palpable spleen length and symptom scores were not reported. During ruxolitinib treatment, 23% and 6% of patients with intermediate-1 risk disease experienced grade ! 3 anemia or thrombocytopenia, respectively. However, although 19% of patients in this risk category required dose reductions for adverse events, anemia and thrombocytopenia were not a cause for treatment interruption or discontinuation. [49] Other studies
Results of JUMP, [46] ROBUST, [47] and the US chart review by Davis et al. [49] support the efficacy and safety of ruxolitinib in patients with intermediate-1 risk MF by IPSS, including those with marked splenomegaly and/or substantial symptom burden. Two other studies provided further data in support of these findings. In one study, 25 patients with low-risk or intermediate-1 risk MF per DIPSS and a median palpable spleen length of 13 cm who were treated with ruxolitinib for 12 months at two US institutions had a median 73% reduction in MPN-SAF TSS (p < 0.001 for change from baseline) and a 64% reduction in palpable spleen length from baseline. [24] Furthermore, interim results of a phase 2 study [50] In summary, findings from independent studies provide convincing evidence suggesting that patients with intermediate-1 risk MF derive similar benefits from ruxolitinib therapy as do higher-risk patients in terms of spleen size reduction and symptom alleviation. However, compared with the COMFORT studies, these studies have considerable limitations. Most importantly, all studies were uncontrolled, nonrandomized studies, and some were retrospective. In addition, none provide detailed information on long-term outcomes.
Who should receive ruxolitinib therapy?
Unlike the US indication of ruxolitinib, which favors a risk-based treatment model, [40] the European label, indicating ruxolitinib for patients with MF-related splenomegaly and/or symptoms, reflects the limitations of current risk models intended to classify patients based on their prognosis rather than capturing disease burden. [39] However, prognosis remains an important criterion when weighing ruxolitinib against other therapies, especially HCT as the only potentially curative treatment option. In this context, it is important to note that long-term follow-up of the ruxolitinib registration trials, COMFORT-I and COMFORT-II, demonstrated a ruxolitinib-associated survival advantage compared with placebo and standard therapy in patients with intermediate-2 or high-risk MF (by IPSS). [33, 35, 37, 51] Although this survival benefit has not been investigated for patients with intermediate-1 risk MF, and its underlying mechanism is not entirely clear, the findings raise the possibility that early intervention has the potential to improve outcomes. The overall improvement in clinical status with ruxolitinib, including the reversal of cachexia and the mitigation of MF-related symptoms related to systemic inflammation, [16, 28, 30, 52] likely contributed to the observed effects of ruxolitinib on survival, as weight loss, constitutional symptoms, and proinflammatory cytokines are known for their negative impact on prognosis. [18, 53] In addition, long-term therapy with ruxolitinib may halt bone marrow fibrosis in some patients, [54] and is associated with gradual decreases in mutant allele burden. [35, 55] Of note, complete histopathologic and/or molecular remission has been observed in individual patients. [55] [56] [57] [58] Together, these findings suggest that ruxolitinib has the potential to alter the natural history of the disease in some patients. However, although ruxolitinib-treated patients in the COMFORT studies who had greater allele burden reductions tended to also have greater reductions in spleen size, [35, 55] allele burden reduction was not a prerequisite for clinical benefit. [28, 29] The potential of ruxolitinib to prolong survival needs to be taken into account when weighing ruxolitinib as a treatment option against the background of current dynamic risk models [ Table 1 ] because these models were developed before the era of JAK inhibitors and may not accurately capture risk in patients on ruxolitinib therapy.
The observations detailed above strongly argue for timely initiation of therapy in patients with intermediate-or high-risk MF to maximize the potential longterm benefits of ruxolitinib therapy. However, patient selection for ruxolitinib therapy and timing of intervention should not be based only on nominal risk scores, but on a careful evaluation of the entire benefit-risk ratio. This evaluation should consider all known risk factors, including, but not limited to, age and mutation status, the degree of clinical burden from splenomegaly and symptoms, the expected hematologic toxicity of treatment in patients with preexisting cytopenias, and the likelihood of treatment success, which appears to diminish with the presence of multiple mutations. [59] In those patients with intermediate-1 risk MF who are often in the proliferative phase of MF and have no clinically significant symptoms and no or only minor spleen enlargement, alternative treatments (eg, interferon-a) [60] may be considered.
Age is an important prognostic factor that affects treatment decisions. For example, watchful waiting rather than starting ruxolitinib therapy is likely to be appropriate for patients who are older than 65 years but have no other known risk factors and no clinically significant symptoms. In contrast, patients aged < 65 years with intermediate-1 risk MF by IPSS should be considered as candidates for HCT if they have refractory anemia requiring transfusions, > 2% of peripheral blasts, or detrimental cytogenetics. [22] Given the observation that median duration of spleen response in patients with intermediate-or high-risk MF has been estimated to be less than 4 years, [36, 61] the risk of losing response should also be considered before deciding on the initiation of ruxolitinib therapy in younger patients with intermediate-1 risk MF who may also qualify for HCT.
The presence of anemia, or thrombocytopenia, may worsen with ruxolitinib therapy in some patients and thus could lead to a burden of treatment from adverse hematologic effects that needs to be weighed against the expected treatment benefit. However, anemia per se is not a contraindication for the use of ruxolitinib and often may be mitigated with red blood cell transfusions, dose adjustments, and/or erythropoiesisstimulating agents. [32, 62] Management of thrombocytopenia may be more difficult, requiring the use of defined starting doses and timely dose modifications or treatment interruptions based on platelet count. [32, 40] Another factor to be considered during patient selection is the immunosuppressive properties of ruxolitinib, [63] as there have been reports of serious infections in patients receiving ruxolitinib therapy. [48, [64] [65] [66] [67] [68] [69] Thus, the risk of infections from comorbidities that compromise the immune system or from concomitant immunosuppressant therapies should be taken into account when considering ruxolitinib as a treatment option. In particular, safety warnings in the prescribing information should be consulted before considering ruxolitinib for patients suspected to be at risk of potentially dangerous infections, such as tuberculosis. [39, 40] 
Conclusions
Patients with intermediate-1 risk MF may have a substantial disease burden that requires treatment. Results from several independent studies confirm that the benefits of ruxolitinib established in the COMFORT studies in terms of spleen size reduction and symptom improvement extend to patients with intermediate-1 risk MF. Timely initiation of ruxolitinib therapy may not only improve patients' overall clinical status but also maximize the disease-modifying potential of long-term therapy. However, the decision on and timing of intervention should be based on an overall assessment of prognostic and clinical factors and the expected benefit-risk ratio for each patient. Therefore, it is important to gain a better understanding of the mechanisms by which ruxolitinib affects prognosis, and, specifically whether ruxolitinib can improve long-term outcomes of patients with adverse genetic risk factors. To this end, a double-blind, placebo-controlled phase 3 study has been designed to evaluate the effects of ruxolitinib treatment in delaying disease progression in patients with early-stage nonsymptomatic-MF who have at least one high-risk mutation. [70] 
